injury.
The Middlesex Hospital had its first X-ray machine very shortly after the announcement of Roentgen's discovery. Assembled at a cost of£14, it was installed in a small room over Casualty, which also housed the Hospital Administratorwhose duties were extended to include operating the X-ray set when required! The first Middlesex martyr was Reginald Mann. He joined the staff of the Electrical Department in 1899 as radiographer and by 1906 had the first of many operations for cancers on his hands. Up to 3 months before his death at the age of 35 in 1916 he operated the X-ray unit at The Middlesex Hospital outstation at Clacton, taking 'skiagrams' of wounded soldiers.
X-rays were, however, being used for therapy, following the 'like-for-like' philosophy that if it produced dermatitis it could also cure it. The long exposures required led to some consciousness of radiation protection, and by the time of the First World War Knox's textbook4 contained the following warning: ' The action of x-rays on tissues has been too well demonstrated by the unfortunate effects upon many of the early workers. An agent so capable of harmful effects must necessarily be treated with a considerable amount of respect when used for therapeutic purposes ... The first care ofall workers should be to ensure the complete protection of the operator and attendants in an X-ray department, and there can be no doubt that at present too little attention is paid in most electrical cliniques in this country to the important question of X-ray protection.'
But still martyrs died. At The Middlesex a dedicated radiotherapy machine had been installed in 1904, although patients had earlier been treated using the same machines used for diagnosis ( Figure 1 ). The first Director of the Electrical Department was Cecil Lyster. He had been trained at Charing Cross and joined The Middlesex in 1902, where he remained until his death from cumulative radiation injury in 1920. He had combined this appointment with a wartime role as Medical Officer to the Electrical, Massage and X-ray Department at the Army Hospital,
Millbank.
At long last, however, science began to play a role in quantitating radiation injury. Sidney Russ, Professor of Physics at The Middlesex, had shown decreased white blood cell counts in irradiated rats5, although others challenged whether this could be due to stress rather than the X-rays. However, Mottram, Pathologist to the Radium Institute in Riding House Street, had begun his studies of the blood counts of his staff. He showed a correlation between decrease in peripheral blood count and extent of radiation exposure amongst those who handled and prepared radium6. However, his findings and studies had little effect at the time on the practice of his colleagues. It was the death of Ironside Bruce in 1921 which released an upsurge of feeling. At Charing Cross he hadbeen Assistant to SirJames Mackenzie Davidson, and then Director of the X-ray Department. When he died, an appreciation in the Archives of Radiology and Electrotherapy read:
'That Ironside Bruce has joined the army of those who have given their lives in the pursuit of science is unquestionable; that his life should have been sacrificed at the early age of44 is a calamity, for he was one of the early workers and in our particular brand of work we are losing the pioneers at too great a rate. What greater memorial could be raised to the memories ofthose who have gone under through devotion to duty, such duty having been done with full knowledge that known and unknown dangers were awaiting them? Does it entail increase in the staffs of our X-ray departments? Does it entail such reorganisation of hospital work that no worker, be he doctor or assistant, shall be asked to spend long hours making screen examinations or working in illventilated or unsuitable rooms? Then in Heaven's name let us be up and doing and find the formula.'
Letters to The Times suggested that the use of X-rays should be stopped forthwith. The Establishment responded by setting up a committee. The Royal Society ofMedicine provided the venue for the first meeting of the British X-ray and Radium Protection Committee, Figure 1 . The Middlesex Hospital X-ray Department around the turn ofthe century. Note children being epilated for ringworm. The first radiologist to the hospital, Dr Cecil Lyster (with beard, second from right) and the first radiographer, Reginald Mann (far right, hand on switch) were among the early British martyrs to cumulative X-ray damage Table 1 .
With this wide range of expertise, commonsense recommendations emerged which were presented to the first International Congress of Radiology held in London in 1925 and adopted at the following Congress in Stockholm in 1928, which also established the International Commissions on Radiological Units and Measurements and on Radiological Protection. The early recommendations included limitations on the length of the working day, the working week, and an injunction to take 'healthy holidays in the fresh air'; they were followed by progressively more stringent dose limitations, but some of the practices Figure 2 . Late non-malignant changes in the 'radium'fingers ofa British radiotherapist in clinicalpractice from of both diagnostic radiologists and radiotherapists still led to gross and visible radiation injury by the end of their working lives. The practice of placing radium sources manually for the intracavitary treatment ofcarcinoma ofthe cervix and corpus uteri led to skin damage, like that shown in Figure 2 , in radiotherapists who began clinical practice in the early 1930s and consequently retired little over a decade ago! However, it was the explosion of nuclear weapons at Hiroshima and Nagasaki, and early evidence ofthe induction ofleukaemia in survivors ofthis holocaust, that led to renewed interest in the health of radiologists. March, in 1950 , claimed an excess ofleukaemias in American radiologists7. Using obituary reports in clinical journals as a source, he reported that over the period 1929-1948 inclusive 299 radiologists had died, with 14 (4.7%) reported as dying of leukaemia.
In the same period 65 922 non-radiologist physicians and surgeons had died, 344 (0.5%) of leukaemia. This represented a nine-fold excess of leukaemia deaths among radiologists. By 1956 Warren8 used analysis of mean age at death to ascribe premature death among radiologists to nonspecific 'life-shortening', a concept which was quantitated by Failla and McClement9 as one day per roentgen of lifetime exposure accumulated at occupational dose rates. This concept passed into folklore without evidence for its scientific basis, immortalized in Sir Richard Doll's 1980 Sylvanus Thompson Memorial Lecture10 in a paraphrase of Trotter as 'the mysterious viability ofthe false'.
Doll and colleagues carried out the first proper epidemiological study of British radiologists"1. They identified the pioneers by their membership of the Roentgen Society, the first radiological society in the world which was established in 1897, and by subsequent membership of its lineal descendant, the British Institute of Radiology. For those who joined before 1921 (i.e., before there was any major national concern about radiation protection), at a time when deaths from recognizably radiation-related complications had occurred, there was no excess ofdeaths from any other cause than malignant disease compared with a matched population of males of the same period and social class. The data are summarized in Table 2 . The 339 individuals in this first group have all died, so the information about their causes of death is complete. In later cohorts, even those who joined the British Institute ofRadiology in the period 1922-34 and who, as we have seen, received lifetime exposure at dose levels leading to gross late changes, showed no increase in death rate either from nonmalignant causes or from malignant disease ( Table 3) . The most recent group, 1934-50, also show a reduced expectation of development of malignant disease as well as no increase in any other cause of death. This must be due at least in part to the decrease in lung cancer associated with inability to smoke while screening patients in the dark! Of course, not all of this latter group have yet died and the data are necessarily incomplete. There could conceivably be an excess of late deaths from malignant disease among these radiologists compared with their 'normal' counterparts in the population. By contrast, the American retrospective studies of causes of death of radiologists have appeared to show an excess of 'other' causes12, but some of the techniques used to establish death rates are not broadly accepted. Certainly, the American data show the excess of leukaemia and skin cancer seen in the early British radiologists, but when compared against other medical professional groups the American radiologists appear to have an excess of deaths from non-malignant causes only in the period before the development of modern antibiotics (Table  4 ). It is likely that the high endemic rate of tuberculosis in North America, and a relatively cavalier approach to the risk of the radiologist contracting the disease, may have contributed to this finding. The most recent cohorts show no evidence of increased age-specific death rates in radiologists compared with other medical practitioners, and in fact suggest a delay in the age of onset of malignancy compared with other groups in social class 1. Numerically a far larger group were the US Army radiographers during the Second World War, whose expectation of life and causes of death have been compared by Jablon and Miller with that of other US Army Medical technicians (Table 5) 13. In this large group there is no difference in numbers or causes of death, but this represents only 4 years of occupational exposure (1941) (1942) (1943) (1944) (1945) for the majority of individuals compared with the working lifetime exposure of the radiologists. So radiology has become a safe profession, but what of our patients? They too were 'guinea pigs' in the early days of radiology. Many indications for the use of ionizing radiation both in diagnosis and treatment would not be accepted today. These include epilation for ringworm, with its subsequent harvest of late radiation-induced skin cancer. The treatment of ankylosing spondylitis by radiotherapy led to dramatic and longlasting relief of symptoms of a crippling disease of young menbut at a risk of subsequent induction of leukaemia or solid tumours. Data from this group convincingly show again that wide-field therapeutic irradiation is associated with an increased risk ofthe development ofmalignancies but not with any other cause of death (Table 6) the experience of women treated for tuberculosis by artificial pneumothorax, for which repeated fluoroscopy was used to monitor the persistence of the pneumothorax. A dose-related increase in the cumulative incidence ofbreast cancer was seen, with the cumulative tumour incidence rising as the length oftime after irradiation increased up to 40 yearsbut with apparently higher sensitivity to late induction of breast cancer in women irradiated near the menarche and an essentially nil risk in those irrdiated over the age of 3517 Thus, from human experience alone, without recourse to the single acute exposure to a mixed radiation field which occurred in the survivors ofthe Hiroshima and Nagasaki nuclear weapons, and without recourse to extrapolation from cancer induction in animals, we have good evidence of the long-term risks to man of occupational and medical exposure to X-and gamma-rays. We owe a debt of undying gratitude to those human guinea pigs, our predecessors, who created the specialties of radiodiagnosis and radiation oncology. Not only did their labours benefit their patients, but by our knowledge of late radiation effects derived from them, their sufferings were not in vain.
